The aim of the present study was to assess the utility of amino-terminal pro-A-type natriuretic peptide (NT-proANP) measurements for the emergency diagnosis of acute destabilized heart failure (HF), using a novel sandwich immunoassay covering midregional epitopes (MR-proANP). Methods: The retrospective analysis comprised 251 consecutive patients presenting to the emergency department of a tertiary care hospital with dyspnea as a chief complaint. The diagnosis of acute destabilized HF was based on the Framingham score for HF plus echocardiographic evidence of systolic or diastolic dysfunction. A commercially available immunoluminometric assay was used for measurement of MR-proANP plasma concentrations. Results: Median MR-proANP plasma concentrations were significantly higher in patients with dyspnea attributable to acute destabilized HF (338 pmol/L; n ‫؍‬ 137) than in patients with dyspnea attributable to other reasons (98 pmol/L; n ‫؍‬ 114; P <0.001). The area under
granules), regulation of BNP excretion occurs mainly at the level of gene expression, suggesting that ANP and BNP form a dual, integrated natriuretic peptide system and that BNP may be a backup hormone activated only after prolonged ventricular overload (2, 3 ) . NT-proANP and NT-proBNP occur mainly in their high-molecularmass forms with longer half-lives than the respective active hormones, but they may also be cleaved into smaller fragments in vivo (1, 4 ) , which might translate into underestimation of the analyte concentration in immunoassays, depending on the assay design (4 ) .
The role of BNP and NT-proBNP measurements as an aid in the emergency diagnosis of acute destabilized HF is well established in patients with dyspnea (5) (6) (7) (8) . Because there are currently no published data on whether ANP or NT-proANP may also be useful for diagnostic purposes in this setting, we aimed at assessing the utility of determining circulating NT-proANP concentrations, using a novel sandwich immunoassay covering midregional epitopes (MR-proANP) in comparison with BNP and NT-proBNP measurements for the diagnosis of acute destabilized HF in short-of-breath patients presenting to an emergency department.
Materials and Methods
The present evaluation is a post hoc analysis of a previously described study cohort (8 ) . In brief, 251 consecutive patients consulting the emergency department of the St. John of God Hospital (Linz, Austria) with dyspnea as a chief complaint were prospectively studied to compare head to head the diagnostic accuracies of BNP and NT-proBNP for acute destabilized HF in an emergency setting. The diagnosis of acute destabilized HF was based on the Framingham score for HF (9 ) plus echocardiographic evidence of systolic or diastolic dysfunction. During the initial patient examination in our emergency department, blood samples were collected for the measurement of plasma BNP and NT-proBNP concentrations and were analyzed within the next 4 h by two commercially available assays (Abbott AxSYM and Roche Elecsys, respectively). Aliquots of these EDTA-plasma samples were stored at Ϫ80°C for further analyses. These samples were used for the determination of plasma MR-proANP concentrations by an immunoluminometric assay for midregional NT-proANP (B.R.A.H.M.S SERISTRA; B.R.A.H.M.S AG) (10 ) . All 251 plasma samples were measured in one batch approximately 1 year after collection in a blinded fashion to the clinical features and the biochemical data. The precision of the 3 methods has been evaluated and described previously (8, 10 ) . It has been recommended that both BNP and NT-proBNP measurements should be reported in nanograms per liter (11 ) . However, because circulating NT-proANP concentrations are usually reported in picomoles per liter in the literature, we decided to do so for MR-proANP in the present report as well.
Median MR-proANP, BNP, and NT-proBNP plasma (12 ) . Cutoff concentrations for MRproANP, BNP, and NT-proBNP were determined according to the 90% and 95% sensitivity criteria derived directly from the ROC curves. Furthermore, cutoff concentrations with the highest diagnostic accuracy (i.e., optimal cutoff concentrations, defined as the points on the ROC curves at which the sum of the false-negative and false-positive results was lowest) were evaluated for all 3 analytes. Positive and negative predictive values at these cutoff concentrations were calculated by use of the ratio of cases in the positive and negative groups (reflecting the prevalence of the disease in our study population). Discordant false biochemical classifications for MR-proANP vs BNP and NT-proBNP, respectively, at optimal cutoff concentrations were compared with the McNemar test. The Spearman coefficient of rank correlation was used to assess the relationship of MR-proANP with BNP and NT-proBNP concentrations in the study population. Logistic regression analyses were performed to determine whether MR-proANP, BNP, and NT-proBNP plasma concentrations above the optimal cutoff concentrations were predictors for acute destabilized HF (i.e., to calculate odds ratios; unadjusted and controlling for confounding covariates). Dichotomous variables were coded with an indicator variable of 1 for having the condition and 0 for its absence. Statistical analyses were performed with SPSS 13.0 software (SPSS Inc.), the MedCalc 8.0.0.0 package (MedCalc Software), and software N (IDV). All probabilities were two-tailed, and P values Ͻ0.05 were regarded as significant.
Results
Of the 251 patients with dyspnea as a chief complaint, 137 patients were classified as having dyspnea attributable to acute destabilized HF, and 114 patients were classified as having dyspnea attributable to other reasons. Comprehensive information on the demographic and clinical characteristics of the study participants is given in the previous publication on this study cohort (8 ) . Median plasma MR-proANP, BNP, and NT-proBNP concentrations were significantly higher in the patients with dyspnea attributable to acute destabilized HF than in the patients with dyspnea attributable to other In distinguishing between patients with dyspnea caused by acute destabilized HF (n ϭ 137) and patients with dyspnea attributable to other causes (n ϭ 114), the AUCs were 0.876 [SE ϭ 0.022; 95% confidence interval (CI), 0.829 -0.914] for MR-proANP, 0.916 (SE ϭ 0.018; 95% CI, 0.874 -0.947) for BNP, and 0.903 (SE ϭ 0.019; 95% CI, 0.859 -0.939) for NT-proBNP (Fig. 1) . Comparison of the ROC curves revealed no significant difference between the AUCs for MR-proANP and NT-proBNP (difference between AUCs, 0.027; SE ϭ 0.017; 95% CI, Ϫ0.007 to 0.061; P ϭ 0.123), and between the AUCs for BNP and NTproBNP (difference between AUCs, 0.013; SE ϭ 0.012; 95% CI, Ϫ0.011 to 0.037; P ϭ 0.277). Power calculations showed that the power of these 2 analyses was 88% and 94%, respectively. In contrast, there was a statistically significant difference between the AUCs for MR-proANP and BNP (difference between AUCs, 0.040; SE ϭ 0.017; 95% CI, 0.006 -0.073; P ϭ 0.020). The complete information, including the appropriate decision statistics, for the biochemical diagnosis of acute destabilized HF in short-ofbreath patients are listed in Table 1 .
When we used the cutoff concentrations with the highest diagnostic accuracy according to Table 1 , classification by both BNP and MR-proANP was correct in 185 and incorrect in 19 patients. When we compared the 24 misclassifications by the BNP assay with the 23 by the MR-proANP assay with the McNemar test, the difference was not significant (P Ͼ0.999). Accordingly, classification by both NT-proBNP and MR-proANP was correct in 192 and incorrect in 23 patients at the cutoff concentrations with the highest diagnostic accuracy. When we compared the 17 misclassifications by the NT-proBNP assay with the 19 by the MR-proANP assay, the difference was also not significant (P ϭ 0.868).
When we assessed the relationship of MR-proANP with BNP and NT-proBNP values in the entire study population (n ϭ 251), nonparametric correlation analysis of MR-proANP vs BNP revealed a correlation coefficient (r s ) of 0.835 (95% CI, 0.794 -0.869; P Ͻ0.001); accordingly, the nonparametric correlation coefficient (r s ) for MRproANP vs NT-proBNP was 0.832 (95% CI, 0.789 -0.866; P Ͻ0.001). Because the cusum test for linearity showed a significant deviation from linearity (P Ͻ0.010) for MR- Fig. 1 . ROC curves for the biochemical diagnosis of acute destabilized HF by MR-proANP, BNP, and NT-proBNP in short-of-breath patients presenting to the emergency department.
The arrows indicate cutoff concentrations for MR-proANP, BNP, and NT-proBNP at the 80%, 90%, and 95% sensitivity criteria. Table 1 . Diagnostic information for the biochemical diagnosis of acute destabilized heart failure by MR-proANP, BNP, and NT-proBNP in short-of-breath patients presenting to the emergency department. Optimal cutoff concentration, defined as the concentration corresponding to the highest diagnostic accuracy (i.e., the point on the ROC curve at which the sum of the false-negative and false-positive results was lowest).
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proANP vs BNP and for MR-proANP vs NT-proBNP, regression analyses were not performed. We calculated the univariate odds ratios for the detection of acute destabilized HF with MR-proANP, BNP, or NT-proBNP as independent variables dichotomized according to optimal cutoff concentrations. In addition, we determined MR-proANP, BNP, and NT-proBNP odds ratios for acute destabilized HF adjusted for age, sex, and estimated glomerular filtration rate (eGFR; adjusted regression model 1) to estimate the influence of these potential confounders. We also included a history of acute destabilized HF as well as clinical variables (signs and symptoms of HF) in another analysis (adjusted regression model 2) to determine the impact of these covariates on the predictive value of the 3 analytes for acute destabilized HF. The results of these analyses are shown in Table  2 . When we performed a logistic regression with acute destabilized HF as the dependent variable and age, sex, eGFR, history of acute destabilized HF, and the presence of orthopnea, paroxysmal nocturnal dyspnea, nocturnal cough, jugular venous distension, pulmonary rales, third heart sound, and peripheral edema as independent variables (excluding MR-proANP, BNP, and NT-proBNP), we obtained a diagnostic accuracy of 79% for this statistical model.
Discussion
The main finding of the present post hoc analysis is that MR-proANP measurements in plasma may be useful for ruling out acute destabilized HF in short-of-breath patients presenting to the emergency department. Furthermore, in this setting, the diagnostic value of MR-proANP is comparable to those of BNP and NT-proBNP, both of which are established markers for the emergency diagnosis of acute destabilized HF in patients with dyspnea (5) (6) (7) (8) . In this context it should be mentioned that BNP and NT-proBNP have been investigated for prognostic purposes and also as candidate guides in the monitoring of management of HF (2 ), whereas there is no such body of investigation at present for MR-proANP.
Although the present evaluation revealed that the AUC for MR-proANP was somewhat smaller than the AUCs for BNP (statistically significant) and NT-proBNP (not statistically significant), this issue is probably not clinically relevant. Interpretation of the respective ROC curves in Fig. 1 indicated that the smaller AUC for MR-proANP is the result of a lower specificity for MRproANP compared with BNP and NT-proBNP for sensitivities Ͻ80%. However, because the measurement of these analytes is considered useful for ruling out acute destabilized HF in short-of-breath patients, the clinically relevant range covers a sensitivity of 80%-100%. For sensitivities Ͼ80%, the ROC curves for MR-proANP, BNP, and NT-proBNP are very similar, and accordingly, as detailed in Table 1 , our evaluation showed comparable sensitivities, specificities, and diagnostic accuracies at selected cutoff concentrations for all 3 markers. In addition, comparison of discordant false classifications on the basis of optimal cutoff values for MR-proANP vs BNP and NT-proBNP, respectively, underlined the similar diagnostic utility of the analytes. Thus, our findings indicate that MR-proANP, BNP, and NT-proBNP may be equally useful as an aid for the diagnosis of acute destabilized HF in patients consulting an emergency department with shortness of breath as a chief complaint. Of course, different cutoff concentrations must be considered for the 3 analytes, as Table 1 shows.
Of note, the proportional difference in mean concentrations of the peptides in persons with acute destabilized HF compared with those without was ϳ3-fold for the MR-proANP assay in contrast to BNP and NT-proBNP, for which the differences were 12-and 13-fold, respec- tively. Nevertheless, this did not markedly alter the diagnostic test performance for MR-proANP. As shown by logistic regression analysis, the odds ratios of MR-proANP for the prediction of acute destabilized HF did not change when we calculated the model unadjusted for potential confounders and the model controlling for age, sex, and renal function (eGFR). In addition, the overall accuracy of the 2 logistic regression models for MR-proANP was equal (i.e., 83%), indicating that age, sex, and eGFR did not add any relevant diagnostic information in the setting evaluated. If we included all clinical information available in the emergency department to the above logistic regression model (i.e., history of acute destabilized HF and the presence of orthopnea, paroxysmal nocturnal dyspnea, nocturnal cough, jugular venous distension, pulmonary rales, third heart sound, and peripheral edema), the diagnostic accuracy of the whole model was increased to 87%. Conversely, the odds ratios for MR-proANP decreased as expected, indicating the predictive value of the clinical signs and symptoms of HF. MR-proANP alone (similar to BNP and NT-proBNP) appeared to have a greater predictive value for acute destabilized HF in an emergency department (accuracy, 83%) than did taking together all of the clinical information (accuracy, 79%).
The major limitation of the present study is that this was a post hoc evaluation of the diagnostic capability of MR-proANP in an emergency setting. Therefore, future prospectively planned and adequately powered investigations should focus on the question of whether MRproANP can be used in place of BNP and/or NT-proBNP for ruling out acute destabilized HF in patients with dyspnea or whether there might be additional value for a strategy based on a combination of these markers. Furthermore, as there are currently no commercially available assays for the rapid measurement of MR-proANP (e.g., total duration of assay Ͻ20 min), the proposed application of MR-proANP for the emergency diagnosis of acute destabilized HF is hindered by the design of the assay used in the present study (i.e., sandwich immunoassay with a total assay time of ϳ3 h). This issue might reduce the practicability of MR-proANP measurements in an emergency setting, but the findings in the present evaluation could initiate the development of a fully automated assay for rapid MR-proANP measurements, making them suitable as an aid for routine decision-making in an emergency department.
